Background: Inconsistent effects of school-based obesity prevention interventions may be related to how different subgroups receive them. The aim of this study was to evaluate the effect of an intervention program, including fact sheets to parents and classroom components, on intake of sugar-sweetened beverages (SSB) and screen time. Further, to explore whether potential effects and parental involvement varied by adolescents' gender, weight status (WS) and parental educational level. Methods: In total, 1465 11-year-olds participated at the pre-test and the 8 month mid-way assessment of the HEIA study. Parents (n = 349) contributed with process evaluation data. Self-reported intake of SSB was collected from the 11-year-olds assessing frequency and amount, while time used on watching TV/DVD and computer/game-use (weekday and weekend day) were assed by frequency measures. Data on awareness of the intervention and dose received were collected from parents. Covariance analyses (ANCOVA) were conducted testing for effects by gender and for moderation by WS and parental education. Results: Time spent on TV/DVD (week p = 0.001, weekend p = 0.03) and computer/game-use (week p = 0.004, weekend p <.001), and the intake of SSB during weekend days (p = 0.04), were significantly lower among girls in the intervention group compared to the control group girls after 8 months. Girls' WS did not moderate these findings. However, no significant effects of the intervention were found for boys, but moderation effects were found for WS (week days: TV/DVD, p = 0.03 and computer/games, p = 0.02). There were no moderating effects of parental education for neither boys nor girls with respect to intake of SSB, time used for watching TV/DVD and computer/game-use. Parental awareness of the intervention was significantly higher among the parents of girls, while the parents of boys were more satisfied with the fact sheets.
Background
Interventions to prevent unhealthy weight gain should aim at making a change in energy balance related behaviours (EBRB) [1] . The consumption of sugar-sweetened beverages (SSB), television viewing and computer use are behaviours that have been associated with increased risk for obesity [2] . Lack of effective school-based obesity prevention interventions [3, 4] has initiated a debate about the best intervention strategies and evaluation designs [4, 5] . Intervention strategies tailored to specific subgroups (like gender) [3, 6] , including family components [7, 8] , and evaluated by the target groups [9] seem needed in order to examine for whom and why obesity prevention programmes works.
Schools are often used as a setting for implementing interventions developed to reduce the prevalence of obesity in children and adolescents, because it offers continued and intensive contact with a large population across ethnic and socio-economic groups [3, 7] . However, including the home-and family environment could increase the effectiveness of school-based prevention of obesity [10, 11] , and such interventions have been requested [7, 8] . Process evaluation of environmentfocused interventions is also requested, including the social environment [4] . Both dietary habits and sedentary behaviours are mainly performed in the home and family environment [12, 13] , with parents being key persons in children and adolescents' social environment. Nevertheless, the effects of parental involvement in obesity prevention programs are still unclear [8] .
Obesity risk may differ across subgroups, and intervention strategies may not be equally effective across these groups [14] . Gender is the most convincing and most frequently examined moderator of school-based interventions aimed at EBRB, and the interventions seem to work better for girls than for boys [15, 16] . It may be that in early adolescence, boys and girls respond differently to various intervention strategies [3] . Weight status (WS) and socio-economic status (SES) have not been shown to be consistently moderators of EBRB [15, 16] . The WS of children and adolescents may affect their dietary habits and sedentary behaviours of which TV-viewing is an example [12] . Watching TV may be a risk factor for obesity, but the causal arrow may be backward; that obesity itself increases TV-viewing [17, 18] . Lower SES children have a higher risk of obesity, and parental education has been found to be inversely associated with sedentary behaviours and consumption of SSB in adolescents [19, 20] . More research is needed exploring further the moderating effect of WS and SES in obesity prevention studies [15, 16] .
Process evaluation data might serve to better interpret the intervention effects, but a limited number of published intervention studies report on process evaluation, including data on implementation quality and quantity of exposure [8, 9] . In health promoting interventions parental involvement could be assessed by the awareness of the intervention components, the dose received and the satisfaction with the components [21] [22] [23] . Conducting process evaluation is important in order to identify the reach and dose received by the participants [24, 25] , and indices of dose received can be assessed in terms of both intervention exposure and satisfaction [26] .
The overall goal of the HEalth In Adolescents (HEIA) study was to design, implement and evaluate a comprehensive, intervention program to promote healthy weight development among young adolescent schoolchildren (11-13 year olds). The targeted changes in the behaviours were to decrease consumption of SSB and sedentary behaviour, and to increase the physical activity and the consumption of fruit and vegetables [27] . In this study, the two behaviours to be reduced were explored in relation to the important issues raised in the literature and summarised above.
The aim of this paper was three-fold. Firstly, to determine if a multi-component health promotion intervention targeting 11-12 year olds influenced their consumption of SSB, television viewing and/or computer/game-use. Secondly, the aim was to explore whether the results varied by gender, adolescent WS or by parental educational level. Finally, the aim was to assess whether parental involvement differed by parental educational level or by the adolescents' gender or WS.
Methods

Study design and subjects
Eligible schools were located in the Eastern part of Norway and had more than 40 pupils in 6 th grade. Such schools are mainly located in larger towns/municipalities, and 37 schools were recruited from the largest towns/municipalities in seven counties surrounding Oslo (Figure 1 ) [27] . All 6 th graders in these 37 schools (n = 2165) and their parents/legal guardians were invited to participate. Of these, 1580 returned a parent signed informed consent form for the adolescent. A cluster randomized controlled pre-post study design was used to evaluate the effectiveness of the intervention; 12 schools were randomly assigned by simple drawing to the intervention group and 25 to the control group. The pre-test data collection took place during four weeks in September 2007, while the 8 month mid-way assessment took place in May 2008.
The adolescents who participated in both data collections were included in this paper, as were the parents in the intervention schools who answered the process evaluation questions at the mid-way assessment (one questionnaire per pupil). A total of 1465 adolescents (92.7% of those 1580 returning consent) and 349 parents (82.5% mothers and 17.5% fathers, in total 65.7% of the parents in the intervention group) were included in the analyses. There were no significant differences in demographic and behavioural variables between those participating both at the pre-test and at the mid-way assessment compared to those lost to the mid-way assessment (n = 63).
The intervention program in the HEIA study consisted of a mixture of individual-, group-, and environmental level strategies and activities. Strategies and activities in the 6 th grade were: Lessons with student booklet, posters, weekly fruit and vegetable breaks and activity breaks in classroom, sports equipment for recess activities, active commuting, fact sheets for parents and an inspirational course for physical education teachers [27] .
Ethical approval and research clearance was obtained from the Regional Committees for Medical Research Ethics and the Norwegian Social Science Data Service.
Questionnaire data
The Internet based child questionnaire comprised mostly questions with pre-coded answer categories and could be completed in about 45 minutes. The parental process evaluation questionnaire (paper-pencil format) were sent home with the adolescent at the mid-way assessment, completed by one of the parents, returned to the teachers in a sealed envelope and collected from the schools by project staff. Process evaluation questions that tapped into the parents' perceived exposure and satisfaction are included in this paper.
Behavioural outcomes
The intake of beverages was assessed by frequency (six categories, from never/seldom to every weekday) and amount (in glasses, four categories: from 1 glass to 4 glasses or more) for weekdays and by amount for weekends (in glasses, eight categories: from never/seldom to 7 glasses or more). Soft drinks with sugar and sugarsweetened fruit drinks were the targeted beverages (summed and presented as SSB). Two questions assessed the number of hours spent on watching TV and/or DVD during a regular weekday and weekend day (six categories, 0.5 -5 hours). Similarly, two questions assessed the number of hours spent on the computer, playing TV-games or other electronic games on a regular weekday and a weekend day, respectively (six categories, 0 to 4 hours). The test-retest correlation coefficients for the outcome measures were moderate to high (r = 0.46-0.78) [27] .
Process evaluation
Process evaluation is used to explore what happened in the intervention program, to what extent the intervention reached intended participants, and how that could affect program impacts or outcomes. Some of the elements in a process evaluation are reach and dose received [26] . Reach can be defined as participation rate and a quantification of how many within the intended target audience who participated in the intervention [26] . Dose received in the meaning of exposure are used to describe and quantify how much of the intervention that was received, whereas dose received related to satisfaction is used to describe and rate the participants' liking [26] .
The process evaluation questions for parents comprised parental awareness of the intervention components/program activities for the adolescents at school (Have you heard of these components? Seven components, yes = 1/no = 0) as an indication of to which extend the adolescents talked about the project at home. The answers were summed and recoded into tertiles; low to moderate awareness (0-3 components), moderate to high (4-5) and high (6-7). Dose received was assessed with regards to the fact sheets handed out at school and sent home with the adolescent (Have you received or read the following fact sheets? Seven sheets and topics, three categories for each sheet: received = 1/read = 2/ not aware of it = 0). The answers were summed and recoded into tertiles; low to moderate dose (0-7), moderate to high (8-13) and high (14) . Parents also reported what they thought about the intervention (Overall, what do you think about the HEIA project in grade 6? Four response categories: did not like it at all = 0 to liked it very much = 3, those answering "I do not know the HEIA project" were excluded). The answers were combined into tertiles; low to moderate liking (0-1), moderate to high (2) , and high (3). Finally, they were asked to give their opinion on the fact sheets (Overall, what do you think about the fact sheets? Three statements related to (1) appreciation of receiving the sheets, (2) interesting content and (3) useful tips, four response categories for each statement: not at all = 0 to a high degree = 3). The answers were summed and recoded into tertiles; low to moderate liking (0-6), moderate to high (7) (8) and high (9) .
Weight status and parental education
The age-and gender specific body mass index (BMI) cut-off values proposed by the International Obesity Task Force [28] were used to categorize the adolescents as normal weight and overweight. Due to few obese adolescents (1.6%) these were included in the same group as the overweight adolescents in the analyses. Details of the anthropometrics of the participants and test-retest values of the measures have been reported elsewhere [27, 29] . Parental education was collected as part of the informed consent form filled in by parents for the adolescent. Education was categorized into three levels: 12 years or less, between 13 and 16 years and more than 16 years. The parent with the longest education was used in the analyses, or else the one available.
Data analysis
Clustering effects due to schools being the unit of recruitment was checked by the Linear Mixed Model procedure. Only 1-3% of the unexplained variance in the behaviours was on group level, and it was therefore decided to not conduct multilevel analysis.
The characteristics at the pre-test are presented as proportions (demographic variables), means and standard deviations (SD) (behavioural variables). Continuous variables were tested for differences between the intervention group and the control group with independent sample t-tests, and Chi-square test of proportions was used for categorical variables.
The effect of the intervention was determined using one-way ANCOVA with the mid-way value for the outcomes as the dependent variables, the experimental group as the independent variable and the pre-test values of the outcomes as covariates. The data were checked to ensure that there were no violations of the assumptions. Interaction effects by WS and parental educational level were tested in separate analyses as a second step, using two-way ANCOVA. To further explore gender differences by WS for the behavioural variables one-way ANCOVA were used. For secondary analyses a magnitude-based inference were made using a spreadsheet [30] .
Chi-square test of proportions were used to assess whether the parental involvement in the intervention differed by gender, WS or parental educational level. The significance level was set at p <.05.
Data were analysed using SPSS Statistics, version 16 (IBM Corporation, New York, USA).
Results
The pre-test characteristics of the control and intervention group are presented in Table 1 and Table 2 . No significant differences were found between the groups with respect to demographic and behavioural variables.
The changes in outcome variables in the control and intervention groups from the pre-test to the mid-way assessment are summarized in Table 3 . In the total sample, significant differences were found between the intervention group and control group in the number of hours watching TV/DVD during week days (p = 0.002) and weekend days (p = 0.04), and time spent on computer/games during weekend days (p = 0.003). Stratified by gender, the results showed effects for girls only. The girls in the intervention group spent significantly less time on watching TV/DVD and computer/game-use compared to the girls in the control group, and the intake of SSB during weekend days was significantly lower among the girls in the intervention group.
Analyses of moderating effects by the adolescents' WS and parental education on pre-test to mid-way changes in the control and intervention groups, revealed an interaction of WS; number of hours spent on watching TV/DVD (borderline, p = 0.05) and computer/game-use during week days (p = 0.01) for the total sample. For boys, the same interactions were found (TV/DVD, p = 0.03 and computer/games, p = 0.02). No interactions were found for girls. Based on these findings we proceeded to explore gender differences by WS for the behavioural variables, and the stratified analyses are presented in Table 4 . No moderating effect was found for parental education and no stratified analyses were conducted.
Among the normal weight girls there were significant differences between the intervention and control group for the sedentary behaviours. The normal weight girls in the intervention group spent significantly less time on watching TV/DVD and computer/game-use compared to the normal weight girls in the control group (Table 4) . For intake of SSB during weekend days the results were borderline significant (p = 0.06). We found the same trends among the overweight/obese girls, except for use of computer/games during week days, but the differences between the intervention and control groups were not significant. 
For the boys, no significant differences were found neither among the boys with normal weight nor the overweight/obese boys (Table 4) . Even though not significant, the overweight/obese boys in the intervention group spent more time on watching TV/DVD and computer/game-use compared to the control group after the intervention. Time used for computer/games during week days was borderline significant among the overweight/obese boys in the intervention group compared to the overweight/obese boys in the control group (p = 0.06). We made a magnitude-based inference about the true effect of the intervention on computer/game-use in week days among overweight/obese boys, which provided the uncertainty in the effect as 95% confidence limits and as likelihoods that the true value of the effect represented a harmful, trivial or beneficial change in the experimental group compared with that in the control group. After log-transformation of the dependent variable adjusted for pre-test (daily hours used for computer/games on weekdays), the mean effect was expressed in standardized units (fraction of the between-subject standard deviation at pre-test). The smallest standardized change was assumed to be 0.20 [31] . There was an 85% chance that the true effect was positive, 15% chance that it was trivial, and 0.3% chance that it was negative (standardized difference in the mean as Cohen units = 0.43, confidence interval -0.01 to 0.87, p = 0.06). Thus the intervention likely produced an increase in time used for computer/game-use in week days in overweight/obese boys. No significant differences were found in age, height, BMI, pubertal development, parental education and sedentary behaviours at pre-test between overweight/ obese boys in the intervention group and overweight/ obese boys in the control group. The only exception was time used for TV/DVD during weekend days which was higher among overweight/obese boys in the intervention group (p = 0.03) (data not shown).
No differences were found in parental involvement when stratifying by the adolescents' WS and the parental educational level. However, parental awareness of the intervention was significantly higher among the parents of girls, while the parents of boys were more satisfied with the fact sheets ( Table 5 ).
Discussion
Data from the 8 month mid-way assessment indicated that girls in the intervention group spent significantly less time on watching TV/DVD and using computer/ games compared to the girls in the control group, and the intake of SSB during weekend days was significantly lower among the girls in the intervention group. Girls' WS did not moderate these findings. No significant differences between the intervention and control group were found for outcome variables among the boys with normal weight or the overweight/obese boys, but moderation effects were found for WS (TV/DVD and computer/games during week days). There were no moderating effects of parental education for neither boys nor girls with respect to any of the three behaviours. The process evaluation showed that parental awareness was significantly higher among the parents of girls, while the parents of boys were more satisfied with the fact sheets. No other differences in the parental process evaluation were found. The effects found were both in a desired direction (girls) and an undesired direction (overweight/obese boys). However, it may be questioned whether the effects were large enough to have any public health impact. One review suggests that in children an imbalance over time of about 2% (125 KJ or 15 minutes of play replaced by TV-viewing) may lead to obesity [32] . Based on these estimates two groups did benefit from the HEIA study. The decrease in intake of SSB among the overweight girls was 0.4 dl for week days and 0.5 dl for weekend days. This represents a decrease in calorie intake equal to 68-85 KJ per day (0.4 or 0.5 dl and 170 KJ/dl). By reducing the time used for TV/DVD during week days by 0.3 hours (about 18 minutes) and time used for computer/games during week days by 0.2 hours (about 12 minutes) among normal weight girls, the total sedentary screen time was reduced by 30 minutes, indicating a decrease in sedentary behaviour with a possible public health impact. Further, we found that the overweight/obese boys in the intervention group had a non-significant tendency towards an undesired effect with regards to more time used for computer/games during week days compared to the overweight/obese boys in the control group (p = 0.06). By the use of magnitude-based inference as an alternative approach for this variable, we explored to what extent this change was of relevance. A confidence interval or p-value does not address the question of the clinical or practical importance of an outcome; a magnitude-based inference does [33] . It was possible to estimate the chances or probabilities that the true effect was harmful, trivial or beneficial, and the chances were estimated using the same assumptions about the outcome statistic as when estimating p-values or confidence intervals. The result indicated that the intervention likely produced an increase in time used for computer/ game-use in week days in overweight/obese boys. This was an effect of clinical/practical importance, however, it was an unintended and undesired consequence of the intervention.
We can only speculate in why the overweight/obese boys did not respond to the intervention in a desired direction and why the overweight/obese girls did so. The same goes for why we found an overall effect in girls and not in boys. With respect to the former, it could well be that boys being overweight/obese show evidence of reactance by responding with less functional strategies (becoming more sedentary) when confronted with messages concerning healthy eating and enhanced physical activity [34] . As to the latter, one possible explanation is that both the development and implementation of the intervention were dominated by a female approach. The intervention was to a large degree developed by women (mainly female researchers and pedagogues involved), it was mainly women who implemented the intervention at school (mostly female teachers) and process evaluation findings indicated that mothers were more involved than fathers at home (more than 80% of the parent answering the process evaluation questionnaire were women). Furthermore, Haug et al. [35] found that boys across Europe and USA were more likely to be overweight than girls, indicating that preventive initiatives may be inadequate and/or less effective for boys. A third explanation may be difference in parental involvement. The process evaluation indicated that parents of girls were more aware of the project compared to parents of boys, which could result in more parental support for the girls. Finally, analyses of the pre-test data from the HEIA study indicate that the girls may have better role models in their mothers compared to boys with regard to weight [29] . Parents, and Only adolescents and parents at the intervention schools were included in the analyses p = Pearson Chi-Square Parental awareness: parental awareness of program activities for adolescents at school Dose received: fact sheets received by parents Satisfaction -overall: parental satisfaction of the project in general Satisfaction -fact sheets: parental satisfaction of the fact sheets for parents (appreciation of receiving them/interesting content/useful tips)
in particular fathers, should be made aware of their potential to improve as role models [36, 37] . When comparing the results from our study with other intervention studies aimed at reducing the consumption of SSB among children/adolescents, only two of the four identified studies reported effects by gender [38] [39] [40] [41] . Haerens et al. [40] found no effect, while Singh et al. [41] reported a significant lower intake in the intervention group both for girls and boys. In total, eight [41] [42] [43] [44] [45] [46] [47] [48] out of nine [49] identified studies that aimed at reducing the time used for screen activities among both boys and girls aged 9-15 assessed the moderating effect of gender or reported effect in boys and girls separately. Five of the studies [42] [43] [44] 47, 48] reported effects both for boys and girls, while one reported effect for boys only [41] . Harrison et al. [45] found no effect, while Salmon et al. [46] found an effect in the undesired direction in one of the intervention groups. Three of the studies checked the moderating effect of WS for sedentary behaviour [43, 45, 48] . Harrison et al. [45] found no interaction for screen time. In Planet Health [43] , a reduction in TV-viewing predicted obesity change and mediated the intervention effect among the girls. Finally, obese children reported higher screen time at the post-test than overweight and normal weight adolescents in the study by Gentile et al. [48] . These findings are inconsistent and no clear pattern in the behavioural measures emerges, as reported in recent reviews as well [3, 9] . The results from our study support that interventions work better for girls than for boys [3, 15, 16] .
Because of the weak evidence of effective school-based obesity prevention interventions, Lytle [4] suggests that it may be time to re-evaluate where the research needs to move. Lytle points out that an investigation of how study participants receive the intervention rarely is examined [4] . The process evaluation in the HEIA study indicates that girls to a larger extent "bring the project home" compared to boys. This result is supported by previous process evaluations [50, 51] , and studies on gender differences in parent-child communication reporting that girls' self-disclosure at home about every day life is higher than for boys [52] . Parents of boys are more dependent on getting information from others than their sons [53] . This might explain why parents of boys appreciated the fact sheets more than parents of girls. Qualitative studies have found that parents are in need of effective communication strategies about ways to improve positive health behaviours, and that fact sheets may be a useful tool [54, 55] .
Strengths and limitations
Our research has some limitations. The SSB consumption variables have not been validated, but our results are in line with data from a national representative study [56] . The measures of sedentary behaviour consisted of single items, resulting in crude estimates only [57] . Still, the mean behavioural outcomes are in line with the trends described by Marshall et al. [58] . The gender differences in time spent on watching TV were small, but boys spent more time on computer/games compared to girls. Furthermore, the test-retest correlation coefficients for the outcome measures were moderate to high (r = 0.46-0.78) [27] . The potential for generalization of our findings is limited because a local sample was recruited from a limited geographic area, mainly in small towns and their close surroundings. The recruitment of schools and participants may have caused a sampling bias, restricting the number of overweight/ obese participants and resulting in reduced precision (larger confidence intervals). Finally, some degree of social desirability may be present in the data [59, 60] . Still, the effects found should be taken into consideration because of the design of the HEIA study. One of the strengths of the present study is the large sample with objective measures of weight and height. Another strength is that parental education was reported by the parents themselves, and that we were able to collect these data from nearly all the parents giving their adolescent consent to participate in the study, and not only from those parents answering a questionnaire.
Conclusions
The evaluation of the HEIA study after 8 month revealed that young adolescent boys and girls responded differently to the intervention, and that preventive initiatives thus seem to work better for girls than for boys. Further, it seems important to conduct subgroup analyses to explore potential beneficial or negative effects of interventions. In future research the parental involvement should be evaluated, investigating possible differences in maternal and paternal support and role modelling. More focus on gender and initial WS in the formative evaluation phase of obesity prevention studies also seem warranted in order to enhance the effectiveness of preventive initiatives. 
